A serum-free ovine granulosa cell culture system is described that allows the induction of FSH-responsive oestradiol production by undifferentiated cells from small ( < 3.5 mm) follicles (P < 0.001) and the maintenance of oestradiol production by differentiated cells from large (\m=ge\3.5mm) 
Introduction
In sheep, as ovarian follicles grow from the gonadotrophindependent phase (2-3 mm diameter: Scaramuzzi et al, 1993) to preovulatory size (4-6 mm), the mitotic activity of the granu¬ losa cells declines (Turnbull et al, 1977) and follicles destined to ovulate attain the ability to synthesize large amounts of both oestradiol (Scaramuzzi and Baird, 1977; McNatty et al, 1985;  McNeilly et al, 1991) and inhibin (Tsonis et al, 1988; Campbell et al, 1990 Campbell et al, , 1991a . Both oestradiol and inhibin are almost exclusive products of granulosa cells (Engelhardt et al, 1993;  Hinsheiwood et al, 1993) al, 1990 ) and a marked increase in the ovarian secretion of both oestradiol and inhibin (Campbell et al, 1993a) . Evidence has accumulated indicating that many of these actions of FSH are modulated in the ovary by a number of local factors, including many of the peptide growth factors (Adashi et al, 1985; May et al, 1988; Scaramuzzi and Campbell, 1990) . As much of this evidence has been derived from in vitro studies with rodents, their significance to follicle development in large domestic ruminants is not known. However, it has been shown that epidermal growth factor (EGF; Murray et al, 1992) , transforming growth factor (TGF-; Campbell et al, 1994) , insulin-like growth factor I (IGF-I; Campbell et al, 1993b) and1 inhibin (Campbell et al, 1992) can all modulate sheep ovarian follicle development and steroid secretion in vivo. These results provide strong confirmatory evidence that these factors may modulate follicle development in large domestic ruminants. Up until now it has not been possible to extend these findings in vivo to study the molecular basis of these effects in vitro, as the establishment of a physiologically relevant cell culture system for ovarian granulosa cells from large domestic ruminants has proved difficult. While there are numerous reports of granulosa culture systems for both sheep (Campbell, 1989; Webb and McBride, 1990; Monniaux and 1993; Gong et al, 1994) . Furthermore, the proliferative and differentiative responses of cultured granulosa cells to FSH are either lost (Monniaux and Pisselet, 1992) or can only be induced using supra-physiological hormone concentrations (Wrathall and Knight, 1993 (Wrathall and Knight, 1993; Gong et al, 1994) or from relatively short-term cultures in which cells undergoing early luteinization retain the ability to synthesize some of these hormones (Skinner and Osteen, 1988; Gong et al, 1994) . Results dose of LR3 IGF-I were relatively unresponsive to insulin (Fig. 3) . On the basis of the results of this study, a combined dose of 10 ng insulin ml-1 and 10 ng LR3 IGF-I ml" was chosen for subsequent studies, as these doses are in the physiological range and appear to give the best balance between cell proliferation or maintenance and stimulation of hormone production.
Effect of mitogenic growth factors
Both EGF and TGF-, in the presence of FSH (10 ng ml " :), stimulated dose-responsive increases in the proliferation of granulosa cells (P< 0.001) from both small and large follicles, and a concomitant inhibition of oestradiol (P < 0.001) and inhibin (P < 0.001) synthesis (Fig. 4) Insulin (ng ml"1)
Insulin (ng ml"1) Growth factor (ng ml"1) Growth factor (ng ml"1) production by undifferentiated cells from small follicles and the maintenance of oestradiol production by differentiated cells from large follicles has been described. In this culture system, physiological doses of FSH can stimulate cellular proliferation, which is apparently a unique finding, as positive proliferative responses of sheep (Monniaux and Pisselet, 1992) (McNatty et al, 1985; Picton et al, 1990; Campbell et al, 1993a) 
